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Microtubules can target proteins such as Connexin43 to plasma membrane subdomains. Patel et al. (2014)
now show that the structural desmosome complex participates in targeted trafficking of membrane compo-
nents through interactions between the microtubule network and the N terminus of desmoplakin, a region
that is a pathogenic mutation hotspot.Decreases in proper localization of Con-
nexin43 (Cx43)-based gap junction chan-
nels are associated with both inherited
and acquired cardiomyopathies and con-
tribute to the arrhythmias of sudden car-
diac death. Cx43 channels have a life
cycle of only several hours (Smyth et al.,
2014), and therefore the mechanisms
that govern their trafficking are of consid-
erable interest. Previous work has shown
that the microtubule cytoskeleton can
promote targeted delivery of Cx43. In
this efficient delivery pathway, the N-cad-
herin-based adherens junction complex
captures EB1-tipped microtubules. EB1
is amicrotubule plus-end-tracking protein
involved in microtubule growth and cor-
tical capture. This pathway allows delivery
of Cx43-containing vesicles from the
transport microtubule network directly to
regions of cell-cell contact (Shaw et al.,
2007), and some of these regions also
contain the desmosome complex. Re-
cently, in the Journal of Cell Biology,
Kathleen Green and colleagues (Patel
et al., 2014) showed that the desmosomal
protein desmoplakin has an important
role in EB1-based targeted delivery of
Cx43 and that this delivery does not occur
when desmoplakin is mutated, such as in
the life-threatening syndrome of arrhyth-
mogenic cardiomyopathy (AC).
Desmosomes are multiprotein, trans-
membrane complexes that provide impor-
tant intercellular structural integrity. For
example, in the heart these complexes
maintain myocyte-myocyte structural ad-
hesion that is capable of withstanding
the mechanical forces generated by the
contracting heart. The strength of the
desmosome is derived from desmin- and
keratin-based intermediate filaments thatare anchored to transmembrane scaffold
desmogleins by the critical linker protein
desmoplakin. Although structural desmo-
somes have also been shown to promote
microtubule organization, microtubules
do not interact directly with desmosomal
proteins. This has direct relevance for hu-
man disease, as the N terminus region of
desmoplakin is a ‘‘hotspot’’ for pathogenic
AC mutations. Despite the role of des-
moplakin in AC, it is not known how
desmosomal mutations can affect Cx43
trafficking (Asimaki et al., 2014). Patel
et al. (2014) now show that the N terminus
of desmoplakin mediates interactions with
EB1, clarifying how desmoplakin can or-
ganize microtubules and participate in
Cx43 channel delivery.
The authors identified the interaction
between desmoplakin and EB1 through
an unbiased yeast two-hybrid screen us-
ing the desmoplakin N terminus, which in-
cludes the mutation-rich hotspot region,
as bait. The interaction between desmo-
plakin and EB1 was confirmed by coim-
munoprecipitation, direct microscopic
visualization of EB1-tipped microtubules
as they approached membrane-bound
desmoplakin, and proximity ligation as-
says between desmoplakin and EB1.
Small interfering RNA (siRNA)-mediated
knockdown experiments also confirmed
that desmoplakin is necessary for EB1-
tipped microtubules to dynamically ap-
proach cortical membrane and be cap-
tured there, as well as for Cx43 to be
deposited at cell-cell borders.
Having established that desmoplakin is
important for the capture of EB1-tipped
microtubules and for Cx43 delivery, Patel
et al. (2014) then studied five clinically
relevant mutations in the N terminus hot-Developmental Cell 31spot of desmoplakin. They found that
these mutations interfered with the des-
moplakin-EB1 interaction and negatively
affected microtubule dynamics and cap-
ture near cortical membrane, reducing
microtubule attachment and Cx43 deliv-
ery to cell-cell borders. Thus, mutating
the EB1-binding domain of desmoplakin
had a comparable effect on microtubules
and Cx43 delivery to siRNA-mediated
desmoplakin knockdown. The findings of
Patel et al. (2014) provide the first direct
evidence of how AC-related mutations in
desmosomal proteins limit Cx43 traf-
ficking to cell-cell borders.
It is important to keep in mind that
although AC is a relatively low-incidence
cardiac disorder, the mechanisms of
Cx43 trafficking elucidated in the study
from Patel et al. are relevant to the patho-
genesis of more common cardiac syn-
dromes, such as acquired heart failure.
Acquired heart failure affects over six
million Americans, with significant
morbidity and mortality consequence
including death from cardiac arrhythmia.
Both ischemic and non-ischemic cardio-
myopathy are associated with decreases
in Cx43 atmyocyte cell-cell borders. In re-
gions of chronically failing hearts spatially
separated from ischemic scars, N-cad-
herin-based adherens junction localiza-
tion is preserved. N-cadherin stabilizes
EB1-tipped microtubules for Cx43 deliv-
ery (Shaw et al., 2007), yet in failing hearts
by the EB1-based forward trafficking
apparatus of Cx43 is impaired (Smyth
et al., 2010). In AC, N-cadherin localiza-
tion is also preserved (Asimaki et al.,
2009), yet Cx43 trafficking is also
impaired (Asimaki et al., 2014; Patel
et al., 2014). Similarly, in sheep hearts, October 27, 2014 ª2014 Elsevier Inc. 139
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Previewswith induced pulmonary hypertension,
Cx43 is mislocalized (baso)laterally, as is
EB1 (Chkourko et al., 2012). Now that
Green and colleagues have found that
desmoplakin is involved in normal Cx43
delivery to cardiac cell-cell borders (Patel
et al., 2014), it will be important to explore
the role of desmoplakin on Cx43 traf-
ficking in non-AC-related heart failure as
well.
The study from Patel et al. (2014)
provides an additional surprising and
important detail. It is known that the trans-
membrane anchor of the desmosome,
desmoglein, is a member of the cadherin
family of proteins, which includes N-cad-
herin. However the authors found that
desmoglein does not participate in EB1
stabilization of cortical microtubules or
Cx43 delivery. In fact, their data suggest
that desmoglein could even be a compet-
itive inhibitor of this process. Because N-
cadherin promotes Cx43 delivery (Shaw
et al., 2007), it may be that desmoplakin
clusters with adherens junction proteins
to facilitate targeted delivery. Simply put,
desmoplakin clusters with desmoglein
for structural reasons, and desmoplakin
could separately cluster with N-cadherin
to promote microtubule capture and pro-
tein delivery. It has already been found
that adherens junction-associated b-cat-140 Developmental Cell 31, October 27, 2014enin and p150(Glued) facilitate EB1-
based cortical capture ((Bellett et al.,
2009; Ligon et al., 2001; Shaw et al.,
2007) and Cx43 forward delivery (Shaw
et al., 2007; Smyth et al., 2010). Together,
all of these data indicate that desmoplakin
is a new and important member of the
microtubule capture complex.
An objective in the field of protein for-
ward trafficking is to elucidate the full
path undertaken by membrane proteins,
from their sorting within the Golgi appa-
ratus to delivery to specific membrane
subdomains. Understanding the key reg-
ulatory checkpoints along this path will
provide targets to reverse inappropriate
trafficking during development and dis-
ease. The intracellular forward trafficking
path is likely not linear and involves
other cytoskeletal components and facil-
itating proteins. The findings of Patel
et al. (2014) introduce a new structural
protein linkage to the cortical delivery
machinery and bring us one step closer
to understanding the directional cues
that determine the complicated forward
journeys of transmembrane proteins.
The findings of Patel et al. (2014) also
have importance to understanding ar-
rhythmias of failing hearts. The cell
biology of heart failure is entering an
exciting era.ª2014 Elsevier Inc.REFERENCES
Asimaki, A., Tandri, H., Huang, H., Halushka, M.K.,
Gautam, S., Basso, C., Thiene, G., Tsatsopoulou,
A., Protonotarios, N., McKenna, W.J., et al.
(2009). N. Engl. J. Med. 360, 1075–1084.
Asimaki, A., Kapoor, S., Plovie, E., Karin Arndt, A.,
Adams, E., Liu, Z., James, C.A., Judge, D.P., Cal-
kins, H., Churko, J., et al. (2014). Sci. Transl.
Med. 6, 40ra74.
Bellett, G., Carter, J.M., Keynton, J., Goldspink, D.,
James, C., Moss, D.K., and Mogensen, M.M.
(2009). Cell Motil. Cytoskeleton 66, 893–908.
Chkourko, H.S., Guerrero-Serna, G., Lin, X., Darw-
ish, N., Pohlmann, J.R., Cook, K.E., Martens, J.R.,
Rothenberg, E., Musa, H., and Delmar, M. (2012).
Heart Rhythm 9, 1133–1140, e6.
Ligon, L.A., Karki, S., Tokito, M., and Holzbaur, E.L.
(2001). Nat. Cell Biol. 3, 913–917.
Patel, D.M., Dubash, A.D., Kreitzer, G., and Green,
K.J. (2014). J. Cell Biol. 206, 779–797.
Shaw, R.M., Fay, A.J., Puthenveedu, M.A., von
Zastrow, M., Jan, Y.N., and Jan, L.Y. (2007). Cell
128, 547–560.
Smyth, J.W., Hong, T.T., Gao, D., Vogan, J.M.,
Jensen, B.C., Fong, T.S., Simpson, P.C., Stainier,
D.Y., Chi, N.C., and Shaw, R.M. (2010). J. Clin.
Invest. 120, 266–279.
Smyth, J.W., Zhang, S.S., Sanchez, J.M., La-
mouille, S., Vogan, J.M., Hesketh, G.G., Hong, T.,
Tomaselli, G.F., and Shaw, R.M. (2014). Traffic
15, 684–699.Outside In: Inversion of Cell Polarity
Controls Epithelial Lumen FormationGeorge E. Davis1,* and Ondine B. Cleaver2
1Department of Medical Pharmacology and Physiology, University of Missouri School of Medicine, Columbia, MO 65212, USA
2Department of Molecular Biology, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA
*Correspondence: davisgeo@health.missouri.edu
http://dx.doi.org/10.1016/j.devcel.2014.10.011
Establishment of cell polarity is important for epithelial lumen formation, and the molecular mechanisms
directing this process are only partially understood. In this issue of Developmental Cell, Bryant et al. (2014)
show that disassembly, membrane translocation, and reassembly of podocalyxin complexes controls
epithelial cell polarization and lumen formation in 3D matrices.Tubes are cellular structures, present
within many tissues, whose lumens are
lined by either epithelial or endothelial
cells (ECs). Considerable work has identi-fied key molecules and signaling events
within these two cell types that are
required for lumen and tube formation by
controlling cell and cytoskeletal polariza-tion, as well as membrane trafficking
events involved in these processes (Bry-
ant et al., 2010; Bryant and Mostov,
2008; Datta et al., 2011; Davis et al.,
